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The literature on the efficacy and dangers of
steroids in herpes simplex infection is beset
with inconsistencies. Corticosteroids constitute
an absolute contraindication in herpes simplex
keratitis as their exacerbating effects in this
disease have been convincingly demonstrated
(1—4). On the other hand, topical steroids for
skin and mucous membrane herpetic lesions
have iot been established as either beneficial,
inconsequential, or harmful (5). Nor have the
local or systemic uses of steroids been con-
clusively incriminated as either potenitiating
herpes simplex infection or stimulating activity
of the latent virus, despite expressed fears to
the contrary. Stroud (6) showed exacerbation
of herpetic lesions with increasing doses of
steroids used systemically, but these were given
to patients with an already defective immuno-
logic system and degenerating condition, the
ideal stage for any infectious process. In the
herpes simplex infection following intracranial
operations for trigerninal neuralgia, Burdick
et al. (7) failed to demonstrate an effect on the
iicidenice of this complication by topical ap-
plicationi of corticosteroids preoperatively. Focal
adrenocortical necrosis, often with adrenal in-
sufficiency due to disseminated herpes simplex
infection in infancy occurs (8—11), but with
the reported irregularities of steroid effects in
herpes simplex infections the clinician is in a
dilemma as to the risks of corticosteroid
therapy.
Clinical studies in regard to this problem
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fail to show the local effect of the corticosteroids
on the herpetic lesion, exclusive of other fac-
tors such as the host's natural resistance,
neutralizing antibodies, and the systemic ac-
tionis of the hormones. These latter variables
may be eliminated partially by the use of tis-
sue or organ culture technique by which such
factors may be reasonably well controlled.
Organ culture as a model for studying herpes
simplex infection in aviari, mammalian, arid
human skin has been tested successfully (12—
14).
This investigation assayed the local, direct
action of a corticosteroid on herpes simplex
infection of the skin, employing the method
of organ culture on fetal pig skin. We hoped to
establish some insight in the use of steroids in
herpetic lesions.
MATERIALS AND MJTHODS
Domestic sow uteri were obtained from an
abattoir and the embryos removed with sterile
precaution. We performed 5 replicate experi-
ments on different litters. Four mm square ex-
plants of skin were dissected from the dorsum of
12 cm pig embryos under aseptic conditions. Ex-
plants were placed, epidermis up, on tea bag pa-
per laid on stainless steel grids contained in a 65
mm diameter Falcon plastic petri dish with a
central well 1 cm in diameter. Medium 199 con-
taining sodium bicarbonate, with added crystal-
line potassium penicillin G (1000 U/cc) and strep-
tomycin sulfate (0.5 mg/cc), filled the well suffi-
ciently to wet the metal grid. The reader is
referred to a detailed description of this organ cul-
ture method by Chang and Maibach (15). The
treated explants were similarly prepared with the
exception of the added steroid dosage. The corti-
costeroid was hydrocortisone sodium succinate
(Solucortef, Upjohn Co., Kalamazoo, Michigan),
the same compound used by Weisman and Fell
(16) in their organ culture studies with fetal rat
skin, ilydrocortisone sodium succinate is readily
soluble in water. Solutions, not suspensions,
should be used in organ or tissue culture work to
obtain consistency in dosages. The cultures were
incubated in a humidified atmosphere of 95 per
t Mr. George Gardella of Allan James and Son,
Third and Evans Avenue, San Francisco, kindly
provided the sow uteri.
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cent 02 and 5 per cent CO2. The incubation
temperature was 35—37° C, and the pH of the
media varied between 7.50 and 7.65. The culture
media were changed every 3 days and fresh
steroid solutions made up on each media change
day.
Viral inoculation was performed when the
cultures were 2 days old. For instance, the steroid-
treated explants were incubated in hydrocorti-
sone-containing media 2 days before inoculation.
The inoculum consisted of 0.05 cc cell suspension
of pH strain herpes simplex (1 X 106 plaque-
forming units/cc) which was applied by sterile
pipette onto the explant's epidermal surface.
There were 96 explants. These were categorized
as follows: 1) controls without virus or steroid;
2) explants with virus but without steroid; 3) ex-
plants with virus and steroid, either 7.5 pg/cc or
60 jtg/cc hydrocortisone. Cultures were stopped
at 2 and 4 days post-inoculation (see Table). Upon
termination, the tissues were fixed in 10 per cent
formalin, and the sections stained with H and IE.
Viral titrations were done on 24 cultures carried
4 days beyond inoculation. Twelve of these were
untreated; the other 12 were treated with 60 jtg/
cc hydrocortisone. Upon termination of the cul-
tures, 0.1 ec aliquots of media were serially diluted
10-fold. The endpoint of the titrations was the
cytopathic effect on Maben cells, a line derived
from an adenocarcinoma of the lung. Viral ti-
trations were also carried out on the following
control systems: 1) without steroid or virus; and
2) with steroid but no virus.
RESULTS
1. Controls without herpes simplex inocula-
tion (16 specimens). The tissue appeared
grossly and microscopically intact and viable
at the time the skin was dissected from the
embryo, and alter 4 and 6 days in culture.
The explant of skin removed from the 12 cm
pig embryo consisted of a basal cell layer and
a multicellular stratum spinosum whose pe-
culiarity was its eccentrically placed nuclei and
massive vacuolization in routine H and E
sections. The dermis was marked by its ex-
treme cellularity; this consisted mainly of
numerous round to elongated fibroblasts and a
marse, poorly organized collagen framework.
the hair follicle development consisted of early
udding into the dermis.
By 4 days, the epidermis was composed of
nany layers ol cells and appeared much like
tdult pig skin. An eosinophilic stratum cor-
ieum-like structure was prominent. Similar
langes were seen after 6 days in culture;
he epidermis was slightly thicker and the
)eriderni was beginning to slough (Fig. 1).
Group
Number
of ex-
plants*
Hy-
dro-
corti-
sone
7.5
Mg/cc
Hy-
dro-
corti-
sone,
60
Mg/cc
Total
duration
Inocu-
lated
with
herpes
simplex
Duration
post-moe-.
ualtion
I 6 4days
II 6 4days x 2days
III 6 x 4days x 2days
IV 6 x 4days x 2days
V 10 6days
VI 28 6 days x 4 days
VII 6 x 6days x 4days
VIII 28 x 6days x 4days
2. Explants with herpes simplex inoculation
(34 specimens). No changes in gross ap-
pearance of the tissues were observed at both
2 and 4 days post-inoculation. Histologically,
cytopathic effect (CPE) in the form of cell
necrosis, balloon degeneration, intraepidermal
vesicle formation, intranuclear inclusions with
margination of chromatin and multinucleated
giant cells (MNGC) was seen at 2 days only
at the cut edges of the specimen. At 4 days
post-inoculation, there was widespread CPE
involving most of the epidermis and parts of
the dermis (Figs. 2 and 3).
3. Herpes inoculated explants treated with
7.5 jig/cc hydrocortisone (12 specimens).
There appeared no appreciable difference in
CPE 2 days post-inoculation compared to the
control. However, at 4 days post-inoculation
there was a marked decrease in CPE compared
to the control, the changes being confined only
to the cut edges of the explant. The striking
difference in specimens treated with hydro—
cortisone was the total sparing of the major
portion of the explant. The virus appeared to
damage only the skin at its cut edges, sparing
epitheliurn that had not been injured by the
dissecting scalpel.
4. Herpes inoculated explants treated with
60 jig/cc hydrocortisone (34 specimens).
There was a slight decrease in CPE 2 days
post-inoculation compared to the control and
the specimens treated with the lower dosage of
hydrocortisone. In the group 4 days post-
inoculation there was about the same degree
of CPE as compared to the specimens treated
with 7.5 gg/cc of hydrocortisone. An obvious
TABLE
* Represents 5 separate experiments.
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Fic. 1. Explant after 6 days in culture; uninoculated and untreated. Note the pro-
liferative, intact epidermis, and the sloughing periderm. 101 X
difference between the 2 dosages 4 days post-
inoculation was the steroid's effect on cellular
proliferation, as the epidermis appeared thinner
with the higher dose. In all of the steroid-
treated specimens, there was indication of sup-
pression of cellular proliferation as manifested
by a thinner epidermis and less fibroblasts than
the controls. This effect was observed at both
4 and 6 days in culture, being more pronounced
in the latter (Figs. 4 and 5).
Viral Titrations
Viral titration results 4 days after inocula-
tion in the untreated and the high dosage
steroid-treated cultures varied between 102
aid 10 in 22 of the 24 cultures. There was an
equal scatter of these titration results between
the 2 groups. Viral activity was observed at a
dilution of 10 in one untreated culture; virus
vas found only at a dilution of 10_i in one
treated culture (Fig. 6). No viral activity was
observed in the controls. Since the results ob-
tained from this serial dilution method of
viral cjuantitation gave unequivocal evidence of
moderate levels of the herpes simplex virus in
all specimens with no appreciable difference
between the 2 experimental groups, it was
deemed unnecessary to perform the more
precise plaque assay quantitation.
Summary of Results
Among the 34 untreated explants comprising
all experiments, 23 (about %) of the speci-
mens demonstrated unequivocally extensive
CPE. Of the 46 steroid-treated cultures, 30
(about 2,/s) of the explants revealed un-.
equivocally minimal CPE. "extensive" was de-
fined as almost total destruction of the epi-
dermis and upper dermis; "minimal" referred
to CPE only of the epidermal cells bordering
the edge of the explant. Four steroid-treated
tissues (all from the 60 pg/cc group) had no
CPE at all, whereas all of the untreated cul-
tures demonstrated at least some degree of
CPE. Equivocal results were found mostly in
those specimens cultured only 2 days post-
inoculation and in the low dosage steroid
group.
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Fic. 2. Untreated explant 4 days post-inoculation. Note extensive OPE throughout the
epidermis and parts of the upper dermis. Vesicle formation at upper left. 120 X
Fm. 3. Magnification of explant in Figure 2. Note the multinucleated giant cell, balloon
cell degeneration, margination of chromatin, and intra-epidermal vesicles. 380 X
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Fic. 4. Explant treated with 60 zg/ee hydrocortisone; 4 days postinoeulation. Note the
limited CPE with sparing of the major portion of the epidermis. Note also the thinner
epidermis compared to the untreated and uninoculated control. 120 X
Fm. 5. Magnification of the explant in Figure 4. Note the elongated multinueleated
giant cell. 380 X
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There appeared to be less CPE due to
herpes simplex in the tissues treated with
hydrocortisone, and this appeared to be dose-
related. There also was decreased cell pro-
liferation in the steroid-treated explants. There
was no significant difference in amount of re-
coverable virus between the untreated and
treated specimens.
DISCUSSION
In both tissue and organ culture, it has been
demonstrated that corticosteroids inhibit cell
proliferation and DNA synthesis in tissues of
mesothelial (fibroblasts) (17), epithelial (epi-
dermal cells and gastrointestinal epithelium)
(18, 19), and reticuloendothelial (lympho-
cytes) (20) origin both in vivo and in vitro,
citing only the more recent literature. Perhaps
this inhibition of cell turnover is a reflection
of decreased cell metabolism and interaction
with the environment, i.e. decreased inter-
action with the virus.
Weissman and Fell in 1962 (16) demon-
strated the stabilizing action of hydrocortisone
in organ culture of fetal rat skin that was sub-
jected to IJYL radiation. The same finding
was observed in our laboratories on fetal pig
skin (unpublished). The hydrocortisone modi-
fied the response to irradiation by: 1) reducing
and retarding cellular breakdown; 2) pre-
venting vesication; and 3) preserving the orga-
nization of the dermal intercellular material.
These investigators postulated that the hydro-
cortisone possibly reduced the proteolytic ac-
tivity in damaged tissue as a result of the
stabilizing action of the hormone on the lvso-
somes.
Our experiments showing apparent hydrocor-
tisone inhibition of the cytopathogenicity of
herpes simplex is in keeping with the findings
mentioned above in regard to cell stabiliza-
ion. Although this suppressive action on the
PE of herpes simplex has not been demon-
;trated previously in organ culture or in vivo,
'isher and Fisher (21) demonstrated delay in
PE in cortisone-treated HeLa cells in tissue
ulture. Wheeler et at. (22) showed that ster-
ids have no effect on herpes simplex virus
aultiplication but prevent non-specific cell de-
:eneration of herpes infected HeLa cells. The
itter investigator used hydrocortisone doses of
—10 jig/cc, comparable to our lower dosage.
n an in vivo study by Jawetz et al. (3) on
0—C untreated
—--. sterpd-tro&.d
the effects of corticosteroids on herpes simplex
keratitis in rabbits, marked destruction oc-
curred in the hydrocortisone-treated corneas,
but there was no change in virus titers.
Herpes simplex is a DNA virus (23, 24). The
earlier forming inclusion bodies of the herpes
simplex infection also appear to contain nucleo-
protein of the desoxy type (25). Thus, one
might expect that the corticosteroid could in-
hibit herpes simplex virus multiplication by
suppression of DNA synthesis. However, this
expectation was not borne out by our pre-
liminary results of recovered viral titrations
which showed no difference between the un-
treated and the hydrocortisone-treated cul-
tures. Another factor that has been considered
by other investigators (26) is the effect of
corticosteroids on interferon synthesis; inter-
feron levels decreased with cortisone.
Why corneal tissue compared to skin re-
sponds so differently to the combination of
herpes simplex and steroids is obscure. The
relative avascularity of the cornea is some-
what comparable to our in vitro model in
which there is no circulation. Comparative
studies between skin and corneal explants in
organ culture may be valuable. It is of interest
to note that in all the herpes infected ex-
plants, although the virus inoculum was ap-
plied directly onto the surface of the tissue,
CPE always began at the exposed cut edges
where there was no covering keratin layer.
Wherever there was keratin, the underlying
tissue appeared to be protected until the destruc-
tive effects of the virus began to undermine
U)
us
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Fm. 6. Viral titers of inoculated cultures show-
ing equal scatter of titration results between the
untreated and steroid-treated.
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this layer medially from the edges. Therefore,
the presence and degree of keratinization may
be an important factor in the cytopathogenicity
of herpes simplex.
SUMMARY
1. Skin explants from 12 cm pig embryos
were grown on chemically defined media in
organ culture. We compared herpes simplex
infection in untreated explants and in explants
treated with either 7.5 or 60 JLg/cc of hydro-
cortisone sodium succinate.
2. Definite cytopathic effects were demon-
strated in all inoculated cultures. There were
less cytopathic effects in the steroid-treated ex-
plants; the degree of cytopatluc effect appeared
to be dose related.
3. The steroid did not appear to affect the
titer of recoverable virus when compared to
the untreated controls.
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